Background {#Sec1}
==========

Two studies published in the first decade of the present century reported an increase in geographical inequalities in premature mortality in Great Britain from 1991 to 2007 \[[@CR1],[@CR2]\]. The authors of these studies grouped districts of Great Britain on the basis of an indicator of material wellbeing and found that by 2007 the relative difference in premature mortality in the poorest versus the richest districts had increased with respect to the situation in 1991. These findings confirmed earlier findings obtained by other studies in the United Kingdom (UK) using mortality data from the 1980s. Studies in countries outside the UK, such as the USA and New Zealand \[[@CR3],[@CR4]\], likewise reported increased differences in mortality between the richest and poorest areas.

While the authors of the above studies attributed their findings to increased differences in wellbeing and income between areas of highest and lowest mortality, they nevertheless failed to show the time trend in differences in the level of material wellbeing between these areas. Indeed, a review of the New Zealand study by Harper raised doubts about whether the trend in inequalities in mortality could be attributed to the increase in economic inequalities \[[@CR5]\]. According to Harper, the increase in inequalities in mortality had been observed in a period of declining economic inequalities in New Zealand. Furthermore, he went on to point out that these studies had not always considered the possible influence of other factors, such as differing rates of population growth between some areas and others.

Previously, other authors had already contended that the widening differences in mortality among areas in the UK might be partly attributable to the relationship between population change and mortality \[[@CR6]\]. Indeed, some studies conducted in the UK, Sweden and Spain found an inverse relationship between the magnitude of population change and mortality in such areas \[[@CR7]-[@CR10]\]. However, two studies that assessed the trend in geographical differences in premature mortality from 1991 to 2001 in the UK reported different results: while one, based on data from England and Wales, found that the differences in mortality between rich and poor areas were due to the process of migration from some places to others \[[@CR11]\], the other, based on Scottish data, found that population change had not contributed to the increase in differences in mortality between rich and poor areas \[[@CR12]\].

In order to increase the empirical evidence, this study assesses whether the population change might be responsible for widening differences in mortality between rich and poor areas in the case of a country other than the UK. The reason for specifically choosing Spain was that, during the last third of the 20^th^ and first decade of the 21^st^ centuries, the country had witnessed rising inequalities in mortality between its rich and poor provinces, accompanied by a geographical convergence in income levels and a decrease inequality in per capita income between the poorest and richest provinces \[[@CR13]\].

Methods {#Sec2}
=======

Data on the number of deaths by age and cause of death and population data by age were obtained for each province from the National Institute of Statistics (*Instituto Nacional de Estadística*-*INE*) for 1980, 1990, 2000 and 2010. For each of the study years analysed and for each province, age-adjusted premature mortality rates (persons under the age of 75 years) was calculated for all causes and for the following specific causes, i.e., cancer, cardiovascular diseases and external causes, using the standard European population as reference.

The indicator of provincial income used was the per capita gross domestic product (pcGDP) for each of Spain\'s 50 provinces, calculated as follows: for 1980 and 1990, on the basis of BBVA Foundation estimates of provincial GDP and population \[[@CR14]\]; and for 2000 and 2010, on the basis of INE estimates of provincial pcGDP \[[@CR15]\]. Similarly, it was calculated the relative increase in the size of the population aged under 75 years in each province over the course of the preceding decade, i.e., for 1980 with respect to 1970, for 1990 with respect to 1980, for 2000 with respect to 1990 and for 2010 with respect to 2000.

In each year analysed, the provinces were grouped into tertiles based on provincial income, and into tertiles based on population change. In each tertile the mean mortality rate was calculated using linear regression, in which the dependent variable was the provincial mortality rate. To this end, dummy variables were previously created so as to be able to classify the tertiles. Similarly, the statistical significance of the linear trend in the mortality rate according to provincial income and population change was assessed.

The magnitude of the association between provincial income and mortality was then assessed as an indicator of inequality in mortality in any given year. The measure of association used was the mortality rate ratio (MRR), with the tertile of provinces with highest provincial income being taken as reference. The logarithm of each province\'s mortality rate was calculated, and the MRR was obtained via the exponential function of the linear regression coefficient. To ascertain whether the association between provincial income and mortality might be attributable to population change, this latter factor was included in the regression models to check whether the MRR decreased. Due to the fact that provincial density may affect the relationship between provincial income and mortality \[[@CR16],[@CR17]\], we firstly calculated the MRR according to provincial income, with control for population density.

Furthermore, the study mentioned above raised the possibility that the proportion of the population with a high educational level might have contributed to the increase in differences in mortality by provincial income \[[@CR13]\]. Therefore, it was assessed whether the percentage of the population that had completed secondary or higher education in each province might explain the relationship between provincial income and mortality. The data about education, estimated on the basis of general population surveys, were obtained from the Valencian Institute of Economic Research \[[@CR18]\].

Finally, in view of the fact that the number of immigrants to Spain rose sharply from 1995 onwards \[[@CR19]\], the models used to calculate the MRRs according to provincial income for 2000 and 2010 included the immigrant population\'s percentage contribution to population change. In general, immigrants show a lower risk of mortality than the native Spanish population for most diseases, but a higher risk of mortality from external causes \[[@CR20]\].

Results {#Sec3}
=======

Table [1](#Tab1){ref-type="table"} shows the premature all-cause mortality rate by provincial income and population change across the study period. Whereas the magnitude of the mortality rate displayed an inverse gradient with provincial income in 2000 and 2010 --i.e., highest magnitude in lowest-income provinces- no relationship was observed in 1980 and 1990. Similarly, the magnitude of the mortality rate displayed a direct gradient with population change in 1980, 1990 and 2000 - i.e., highest magnitude in provinces with greatest population change- but no relationship in 2010.Table 1**Age-adjusted premature mortality rate for all causes per 100,000 population and 95% confidence interval (CI) according to per capita income and population change of province of residence1980199020002010Mortality rate95% CIMortality rate95% CIMortality rate95% CIMortality rate95% CIIncome per capita** 1st tertile (highest)428.0404.5454.6360.8339.2382.4288.2273.8-302.7224.2213.5-234.9 2nd tertile436.6401.3-470.4363.4331.4-392.8313.9291.2-335.4238.7223.4-255.1 3rd tertile (lowest)422.4388.2-454.0380.6348.3-411.7310.4287.1-331.5250.2235.4-266.8p value for trend0.7400.2080.042\<0.001**Population change** 1st tertile (highest)451.9430.8472.9400.9382.7419.1312.8297.3328.3233.3221.6245.1 2nd tertile434.7405.6-467.6363.9338.9-391.0312.0291.6-336.1235.9219.5-253.6 3rd tertile (lowest)400.3372.4-428.4340.0316.1-363.9285.0266.5-307.1243.7227.2-262.0p value for trend\<0.001\<0.0010.0140.224Spain, 1980, 1990, 2000 and 2010.

Table [2](#Tab2){ref-type="table"} shows the premature mortality rate by cause of death, according to provincial income and population change. Throughout the study period, the cancer mortality rate showed no association with provincial income: in contrast, the magnitude of the cardiovascular mortality rate displayed an inverse gradient with provincial income in 1990, 2000 and 2010, and the magnitude of the external-cause mortality rate displayed a direct gradient with provincial income in 1980 and 2010. Whereas the magnitude of the cancer and cardiovascular mortality rates displayed a direct gradient with population change in 1980, 1990 and 2000 (though in the lattermost year this gradient was solely observable for cardiovascular mortality), the magnitude of the external-cause mortality rate displayed an inverse gradient in 2010.Table 2**Premature mortality rate per 100,000 population by cause of death, and 95% confidence interval according to per capita income and population change of province of residence1980199020002010MR95% CIMR95% CIMR95% CIMR95% CICANCERIncome per capita** 1st tertile (highest)119.6112.3126.9125.4118.1-132.8116.6111.3-121.9102.495.5-107.3 2nd tertile121.7111.2-133.2121.4110.8-132.1120.2112.2-128.7106.599.3-114.3 3rd tertile (lowest)109.999.9-119.3117.0106.4-126.5111.8104.1-119.6103.897.0-111.3p value for trend0.0750.1140.2980.706**Population change** 1st tertile (highest)124.4117.6131.3128.5121.6135.5115.1109.7120.5101.896.9106.7 2nd tertile119.4109.7-129.9120.8110.9-131.1123.1115.3-131.5103.696.5-110.9 3rd tertile (lowest)107.298.1-115.9114.5105.1-124.0110.7103.3-117.9107.099.5-114.1p value for trend\<0.0010.0070.2770.139**Cardiovascular diseaseIncome per capita** 1st tertile (highest)144.3133.8-154.890.682.7-98.462.756.8-68.541.338.0-44.6 2nd tertile147.9132.0-162.095.484.1-105.864.265.2-82.146.642.2-51.5 3rd tertile (lowest)150.8135.5-165.8108.496.8-121.377.768.4-86.554.449.0-59.6p value for trend0.3880.003\<0.001\<0.001**Population change** 1st tertile (highest)156.9147.0168.9112.1105.2119.077.070.383.646.041.8-50.2 2nd tertile146.3133.4-162.095.986.6-106.172.163.7-81.648.342.3-54.4 3rd tertile (lowest)139.8126.9-153.786.578.3-95.763.957.0-73.048.042.8-54.8p value for trend0.019\<0.0010.0070.503**External causesIncome per capita** 1st tertile (highest)41.237.345.042.939.146.733.730.836.732.228.835.5 2nd tertile41.636.2-49.243.037.8-48.833.429.3-38.134.429.6-39.7 3rd tertile (lowest)35.630.8-41.741.235.8-46.031.227.4-35.827.023.8-31.4p value for trend0.0440.5250.2860.047**Population change** 1st tertile (highest)39.935.844.042.138.345.932.329.135.428.125.031.2 2nd tertile38.533.2-45.942.637.4-48.531.327.6-35.928.624.9-32.9 3rd tertile (lowest)39.934.1-46.942.336.7-47.435.130.7-39.936.631.8-41.8p value for trend0.9940.9500.2150.005Spain, 1980, 1990, 2000 and 2010.

Table [3](#Tab3){ref-type="table"} shows the premature all-cause MRR according to provincial income, adjusted for different variables in each of the study years. The magnitude of the MRR in the provinces in the poorest versus the richest tertile was 1.01 in 1980 and 1.12 in 2010. The MRR was hardly modified by population change, except in 1980 when its magnitude increased. Adjustment for the percentage of the population that had completed secondary or higher education reduced the magnitude of association of the MRR in 1990, 2000 and 2010. Specifically, the MRRs of provinces in the poorest versus the richest tertile in 1990, 2000 and 2010 were 1.10 (95% confidence interval (CI) 1.02 to 1.20), 1.09 (95% CI 1.02 to 1.17), and 1.12 (95% CI 1.01 to 1.16) respectively, and when adjusted for the variable of education, decreased to 1.07 (95% CI 0.96 to 1.19), 1.04 (95% CI 0.96 to 1.12) and 1.08 (95% CI 1.01 to 1.16) respectively.Table 3**Premature mortality rate ratio according to per capita income of province of residence adjusted for different variablesTertiles of per capita income1980199020002010MRR95% CIMRR95% CIMRR95% CIMRR95% CIModel 1 (adjusting for population density)** 1st tertile (highest)1.001.001.001.00 2nd tertile1.030.95-1.121.040.96-1.121.101.03-1.181.071.00-1.14 3rd tertile (lowest)1.010.92-1.101.101.02-1.201.091.02-1.171.121.04-1.19**Model 2 (Model 1 plus population change)** 1st tertile (highest)1.001.001.001.00 2nd tertile1.050.97-1.131.050.98-1.131.101.03-1.181.060.98-1.13 3rd tertile (lowest)1.070.98-1.171.101.02-1.181.091.02-1.161.121.05-1.20**Model 3 (Model 1 plus education** ^**1**^ **)** 1st tertile (highest)1.001.001.001.00 2nd tertile1.030.95-1.121.040.95-1.131.071.00-1.151.071.00-1.14 3rd tertile (lowest)1.000.91-1.101.070.96-1.191.040.96-1.121.081.01-1.16Spain, 1980, 1990, 2000 and 2010.MRR: Mortality rate ratio.95% CI: 95% confidence interval.^1^Percentage of population that had completed secondary or higher education.

Table [4](#Tab4){ref-type="table"} shows the premature MRRs by cause of death, according to provincial income and adjusted for different variables in each of the study years. In the case of cancer, the MRRs according to provincial income failed to prove significant in any year and their magnitude remained unchanged when adjusted for population change or the percentage of population that had completed secondary or higher education. In cardiovascular mortality, the magnitude of the MRR in the provinces in the poorest versus the richest tertile was 1.08 in 1980 and 1.31 in 2010. The MRR was hardly modified by population change, except in 1980 when its magnitude increased. Adjustment for the variable of education reduced the magnitude of association of the MRR, e.g., in 2010 the MRR in the provinces in the poorest versus the richest tertile went from 1.31 (95% CI 1.18 to 1.44) to 1.26 (95% CI 1.13 to 1.41) when adjusted for education. In the case of mortality due to external causes, the magnitude of the MRR in the provinces in the poorest versus the richest tertile displayed a similar magnitude in 1980 and 2010, namely, 0.80 (95% CI 0.68 to 1.05) and 0.83 (95% CI 0.70-0.95) respectively. This magnitude hardly changed when adjusted for population change or the variable of education.Table 4**Premature mortality rate ratio by cause of death according to per capita income of province of residence adjusted for different variablesTertiles of per capita income1980199020002010MRR95% CIMRR95% CIMRR95% CIMRR95% CICancerModel 1 (adjusting for population density)** 1st tertile (highest)1.001.001.001.00 2nd tertile1.040.94-1.141.000.92-1.091.050.98-1.121.050.98-1.13 3rd tertile (lowest)0.940.85-1.030.970.89-1.060.980.92-1.051.020.95-1.09**Model 2 (Model 1 plus population change)** 1st tertile (highest)1.001.001.001.00 2nd tertile1.060.96-1.161.010.93-1.091.050.99-1.111.040.96-1.12 3rd tertile (lowest)0.990.90-1.100.960.88-1.050.980.92-1.041.020.95-1.10**Model 3 (Model 1 plus education** ^**1**^ **)** 1st tertile (highest)1.001.001.001.00 2nd tertile1.050.96-1.151.010.92-1.101.050.98-1.121.050.97-1.13 3rd tertile (lowest)0.960.87-1.060.980.87-1.100.980.90-1.061.010.94-1.09**Cardiovascular diseaseModel 1 (adjusting for population density)** 1st tertile (highest)1.001.001.001.00 2nd tertile1.040.94-1.161.090.98-1.221.191.06-1.331.121.01-1.25 3rd tertile (lowest)1.080.97-1.201.281.14-1.431.261.12-1.421.311.18-1.44**Model 2 (Model 1 plus population change)** 1st tertile (highest)1.001.001.001.00 2nd tertile1.050.95-1.161.121.03-1.221.191.07-1.321.121.00-1.24 3rd tertile (lowest)1.151.03-1.291.271.16-1.381.251.12-1.391.321.20-1.46**Model 3 (Model 1 plus education** ^**1**^ **)** 1st tertile (highest)1.001.001.001.00 2nd tertile1.020.92-1.141.080.97-1.211.141.01-1.271.121.01-1.24 3rd tertile (lowest)1.050.94-1.171.171.02-1.361.151.00-1.311.261.13-1.41**External causesModel 1 (adjusting for population density)** 1st tertile (highest)1.001.001.001.00 2nd tertile0.970.83-1.130.980.86-1.120.970.85-1.101.020.89-1.18 3rd tertile (lowest)0.800.68-0.940.920.80-1.050.900.79-1.030.830.72-0.95**Model 2 (Model 1 plus population change)** 1st tertile (highest)1.001.001.001.00 2nd tertile0.950.81-1.110.980.86-1.130.970.85-1.100.950.84-1.09 3rd tertile (lowest)0.780.66-0.930.920.80-1.060.900.79-1.030.830.73-0.94**Model 3 (Model 1 plus education** ^**1**^ **)** 1st tertile (highest)1.001.001.001.00 2nd tertile0.980.83-1.140.950.83-1.090.940.82-1.071.020.88-1.18 3rd tertile (lowest)0.810.69-0.960.800.67-0.960.840.72-0.980.810.69-0.94Spain, 1980, 1990, 2000 and 2010.MRR: Mortality rate ratio.95% CI: 95% confidence interval.^1^Percentage of population that had completed secondary or higher education.

Adjustment for the contribution of immigrants to population change in 2000 and 2010 failed to modify the MRR estimates for both all-cause mortality and mortality due to the specific causes of death analysed.

Discussion {#Sec4}
==========

Main findings {#Sec5}
-------------

The difference in the premature all-cause mortality rate between the poorest and richest provinces in Spain rose from 1980 to 2010; similarly, the difference in the premature cardiovascular mortality rate also increased. In contrast, the relationship between provincial income and cancer and external-cause mortality remained similar throughout the study period. Except for 2010, when no relationship was observed between population change and the premature mortality rate, in 1980, 1990 and 2000 the provinces that experienced the greatest population growth registered the highest premature mortality rates. The above increase in differences between the poorest and richest provinces in terms of all-cause and cardiovascular-disease mortality cannot be attributed to population change.

Comparison with other studies and possible explanations {#Sec6}
-------------------------------------------------------

This inverse economic gradient in premature all-cause mortality has been observed by studies conducted into premature mortality trends by area of residence in a number of rich countries \[[@CR1]-[@CR4],[@CR21]-[@CR23]\]. Moreover, the economic differences in mortality increased due to the fact that the decline in mortality was greater in the richer and/or less deprived areas. The same was true of our study, in that, from 1980 to 2010, mortality was seen to decline by 48% in the provinces in the richest tertile as opposed to 41% in the provinces in the poorest tertile. The authors of most of the above studies attributed their findings to widening differences in income between the poorest and richest areas. Even so, there has been no empirical evidence to date to support this explanation. Indeed, in Spain the increase in the economic differences in mortality has coincided with a decrease in economic inequalities between rich and poor areas \[[@CR13]\].

One possible explanation for this increase in economic differences in mortality, which has been tested empirically, is the relationship between population change and mortality. Among people who move from one place to another the proportion of healthy people is higher than among those who remain in their place of residence. Accordingly, the increase in economic differences in mortality might be due to a greater increase in population in rich than in poor areas. The studies which have tested this explanation have essentially been UK-based, though the results have not been uniform \[[@CR11],[@CR12],[@CR24]\]. And the present study, undertaken in Spain, found that population change did not account for the relationship between provincial income and mortality. Another study conducted in the USA similarly ruled out population change as being responsible for the widening differences in mortality between rich and poor areas \[[@CR23]\].

Another important finding in this study is the relationship between population change and mortality, since this finding is contrary to what would have been expected. In 1980, 1990 and 2000 the highest mortality was observed in places with greatest population growth. This finding is in contradiction to previous studies \[[@CR7]-[@CR10]\], where the increased mortality was observed in areas with lower population change. In these previous studies -one of which was undertaken in Spain \[[@CR10]\]- small areas such as neighbourhoods, districts and municipalities, were used as the unit of analysis. In the present study, in contrast, provinces were used. Probably the size of the unit of analysis influences the relationship between population change and mortality, since the above-mentioned US study used counties as the unit of analysis and it too failed to observe a relationship between population change and mortality \[[@CR23]\].

The present study also assessed the proportion of residents with a high educational level, as an alternative explanation for the increase in economic differences in mortality across time. Given that mortality shows an inverse gradient with educational level \[[@CR25]\], then if the percentage of persons with a high educational level were to rise more sharply in rich than in poor areas, any increase in differences in mortality by area income level might well be attributable to this factor. Nevertheless, the findings obtained also rule out this explanation, i.e., although the proportion of subjects with a high educational level would account for a small part of the economic differences in mortality, the increase in such differences remained unchanged in response to adjustment for this variable.

The possible existence of a different immigration pattern depending on the income level of the province of residence was also assessed. The years 2000 and 2010 were analysed, since the rate of immigration to Spain had previously been very low. However, this can also be ruled out as an explanation for the increase in economic differences in mortality, since the results were in no way changed by adjustment for the immigrant population\'s percentage contribution to population change. Moreover, the increase in the MRR between the poorest and richest provinces was already in evidence between 1980 and 1990, when immigration to Spain was practically non-existent.

Analysis of results by cause of death provides some clues about other alternative explanations. If the MRR results for cancer, cardiovascular diseases and external causes at baseline and at the end of the study period are compared, it will be seen that the findings for both cancer and external-cause mortality do not vary: whereas the cancer MRR in the poorest versus the richest provinces shows no significant differences by provincial income, the external-cause MRR displays a similar magnitude of around 0.80. Similarly, neither population change nor the percentage of subjects with a high educational level alters this relationship between provincial income and mortality due to these two causes of death. In contrast, as happens with all-cause mortality, the cardiovascular-disease MRR in the poorest versus the richest provinces is higher in 2010 than in 1980; and when adjusted for population change and the percentage of the population with a high educational level, the findings are also similar to those obtained for all-cause mortality.

Accordingly, this study\'s main conclusion is that the increase in economic differences in mortality between rich and poor areas is due to an increase in economic differences in cardiovascular-disease mortality. This increase in differences in cardiovascular-disease mortality by income level of area of residence has also been observed in studies conducted in the USA \[[@CR2],[@CR26]\]. In Spain, it is unlikely that this increase would be due to an increase in differences in the lethality of these diseases, since this would mean that the effectiveness of the health care system had improved to a greater extent in the richest provinces. Another possible explanation for this finding is an increase in economic differences in the prevalence of cardiovascular disease risk factors: in Spain, the poorest regions have been observed to have a higher frequency of cardiovascular risk factors \[[@CR27]\], though there are no studies that have monitored the trend in risk factors in these regions.

Study strengths and weaknesses {#Sec7}
------------------------------

This study adds empirical evidence to the small number of existing studies that have addressed the relationship between population change and mortality, and the possible importance posed by population change to the increase in differences in premature mortality between rich and poor areas.

Some authors have suggested that the relationship between population change and mortality is an artefact because population change reflects area deprivation \[[@CR28],[@CR29]\]. These studies have been undertaken using small areas as the unit of analysis. Our study enables population change to be ruled out as an indirect indicator of an area\'s level of deprivation, since, with the single exception of 1980, population change failed to change the relationship with provincial income.

Another of our study\'s strengths lies in the use of province as the unit of analysis, in view of the availability of death data by age and cause of death at this level of geographical disaggregation. This made it possible to study the change in the relationship between an indicator of area income level and mortality over a period of thirty years, and assess the importance of the role that population change might play in this relationship. The heterogeneity of the findings by cause of death means that cardiovascular-disease risk factors, related to the income level of area of residence can be pinpointed as being responsible for the results observed.

Conclusion {#Sec8}
==========

In summary, the widening difference in premature mortality between the poorest and richest provinces in Spain is due to the increase in the difference in premature mortality due to cardiovascular diseases. This increase is not accounted for by population change in the provinces across the study period. Polarisation of the prevalence of cardiovascular risk factors between areas with highest and lowest income levels might be behind this finding.
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